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behaviour and very large increase in the viscosities in all the range of
shear rate.
Conclusions: When HA formulations were added to OA SF, the dynamic
rheology demonstrated a gel-like behaviour for the cross-linked HA visco-
supplement addition but that of a viscous solution for the non cross-linked
HA addition.
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Purpose: To evaluate, in vitro, the rheological stability over time, of
the osteoarthritic (OA) synovial ﬂuid (SF) before and after addition of 2
formulations of viscosupplements, a non cross-linked and a cross-linked
hyaluronic acid (HA).
Methods: SF were obtained by sterile aspiration of the affected joints in
14 patients suffering from knee OA. SF samples were collected in sterile
tubes and stocked at 4ºC. SF volume was recorded. Two viscosupple-
ments (a cross-linked HA with an apparent MW of 6mDa and a linear
HA with an average MWof 1.1mDa) were then added to SF in a ratio
1/1 to test their effects on SF behaviour. The rheological behaviour of
SF and HA-modiﬁed-SF was determined using an AR 1000 rheometer.
The rheological stability of SF and HA-modiﬁed-SF was studied over a
6 week period of time.
Results: In steady state ﬂow the rheological behaviour of SF was non
Newtonian. A slight decrease of the rheological behaviour appeared in
the ﬁrst time of aging and then stabilized. The addition of linear HA
modiﬁed only slightly the behaviour of SF. It especially increased viscosity
at higher shear rate and decreased shear rate dependence of the SF. On
the opposite the addition of cross-linked HA induced a gel-like behaviour
of the SF in all the range of frequency covered. No signiﬁcant change was
found at any time during the follow-up in both linear HA and cross-linked
treated SF up of SF for both linear and cross-linked HA treated SF.
Conclusions: The stability of SF rheological behaviour over time after
addition of viscosupplement suggests that, in vitro, the enzymatic degra-
dation of exogenous HA is of negligible importance.
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Purpose: Mechanical stress is a key regulator to the cell-activity of chon-
drocytes. Our major interest is focused on response of chondrocytes to
mechanical stress. We investigated the chronological phenotypic changes
of the three-dimensional (3D)-embedded chondrocytes via applying me-
chanical stress.
Methods: Freshly isolated chondrocytes from rat articular cartilage were
cultured in monolayer. On reaching conﬂuence, the cells were embedded
in type I collagen gel, and pre-incubated for 24 h. The 3D-embedding cells
were stimulated by mechanical stress for 1 h immediately after the 24 h-
preincubation and were additionally incubated for 24 h after mechanical
stimulation. The mechanical stress application was a cyclic loading at
5% strain, 0.33Hz. Aggrecan (AGC) and type II collagen (Col2) mRNA
expression was evaluated at 0 (served as control; t = 0), 1, 7, 13, and
25 h after the initiation of mechanical stimulation (n = 7). The total RNA
was extracted from the 3D-embedding cells at the each time point for real-
time RT-PCR. Real-time PCR was performed for AGC, Col2, and GAPDH,
house-keeping gene, as an internal control. Statistical differences were
determined by one-factor analysis of variance with Bonferroni/Dunn post
hoc tests. P values <0.05 were considered signiﬁcant.
Results: Mechanical stress clearly stimulated the 3D-embedded chon-
drocytes. Their ability to produce ECM molecules was measured at
mRNA levels by real-time RT-PCR, and it was strongly and rapidly acti-
vated immediately after mechanical stimulation. Thus, at t = 1, both AGC
(P <0.0001) and Col2 (P < 0.001) expression was signiﬁcantly increased
between all the groups. However, at t = 7, 13, 25, AGC expression was
signiﬁcantly decreased compared to control (P <0.05). Moreover, at t = 7,
25, Col2 expression was also signiﬁcantly decreased compared to control
(P < 0.0001).
Conclusions: In summary, the cell-differentiation of chondrocytes was
strongly and rapidly enhanced immediately after mechanical stimulation.
However, after that, it was rapidly down-regulated along the time. This
study mainly provides that mechanical stimulation can play a key role in
the chronological phenotypic change of chondrocytes in 3D scaffold.
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Purpose: Osteoarthritis is a notoriously complex disease and there are
likely to be multiple pathways underlying its cause and determining its pro-
gression. Thus, identifying which signals are activated during the different
stages of the disease process, are under considerable investigation. Car-
tilage integrity involves both molecular and mechanical factors inﬂuenced
by matrix degradation products such as the ﬁbronectin fragments (FN-
fs). Both the FN-fs and mechanical loading are known to inﬂuence the
catabolic and anabolic processes, possible mediated by •NO release.
It is plausible that mechanical loading may compete with the pathways
activated by the FN-fs and promote subsequent downregulation of the
catabolic signals. To date, no study has examined whether the pathways
activated by the FN-fs will be inﬂuenced by dynamic compression. The
present study examines the effects of the NH2-hep I or COOH-hep II
FN-fs on iNOS and COX-2 expression and production of •NO and PGE2
release in chondrocytes cultured in agarose constructs and subjected to
dynamic compression.
Methods: Chondrocyte/agarose constructs were subjected to dynamic
compression (15%, 1Hz frequency) in DMEM + 1xITS supplemented
with 0 or 5mg×ml−1 NH2-hep I or 10 mg×ml−1 COOH-hep II FN-f and/or
1mM 1400W for 1, 6 or 48 hours. Real-time quantitative PCR assays
coupled with molecular beacons were performed with cDNA, Brilliant®
QRT-PCR Master Mix, primer pairs and analysed on the MX3000P QPCR
instrument. The ratio of the relative expression levels of the catabolic
(iNOS, COX-2) and anabolic (aggrecan, collagen type II) signals were
accomplished by normalizing each target to the reference gene, GAPDH
and to the calibrator sample, by a comparative cycle threshold approach.
Nitrite and PGE2 release were measured in the media by Griess and EIA
assay. [3H]-thymidine and 35SO4 incorporation were measured by TCA
and alcian blue precipitation, respectively.
Results: The NH2-hep I or COOH-hep II FN-fs induced the relative
expression levels of iNOS and COX-2 and increased the production
of •NO release. Both fragments downregulated aggrecan and collagen
type II expression levels and subsequent inhibition of [3H]-thymidine
and 35SO4 incorporation. The FN-f-induced effects on iNOS, COX-2
aggrecan and collagen type II expression could be reversed with the
application of dynamic compression in the presence of the iNOS inhibitor,
1400W (Fig. 1). In addition, co-stimulation with dynamic compression and
iNOS inhibitor inhibited nitrite release and upregulated [3H]-thymidine and
35SO4 incorporation in the presence of the fragments. In contrast, PGE2
levels were not signiﬁcantly inﬂuenced by the presence of the NH2-hep I
or COOH-hep II FN-f and/or dynamic compression.
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Conclusions: The present ﬁndings suggest that the FN-fs stimulate
a catabolic pathway primarily driven by iNOS expression and •NO
release, while mechanical loading acts to abrogate these effects and
initiate anabolic signals. Interestingly, co-stimulation with both dynamic
compression and the iNOS inhibitor were important in restoring the
fragment-induced inhibition of aggrecan and collagen type II expression
and production of cell proliferation and proteoglycan synthesis. Thus,
there could be a number of global pathways through which the fragments
may exert their catabolic actions and therefore necessitates further work
for the examination of both the FN-fs and mechanical loading on these
events. An elucidation of the signals activated by both mechanical and
molecular factors will help to identify biophysical and physiotherapeutic
strategies to treat osteoarthritis.
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Purpose: Clinically, varus alignment of the knee has been related to
increased odds of osteoarthritis progression. In an effort to understand
this relationship a varus loading device has been developed and applied
to the rabbit to study the effects of increased, chronic loading of the tibio-
femoral joint on synovial ﬂuid based biomarkers of cartilage metabolism.
We hypothesize that load-induced alteration of cartilage metabolism may
be an early event in the initiation of cartilage degeneration.
Methods: Twenty-eight, skeletally-mature, female, New Zealand White
rabbits were randomized into one of three experimentally-loaded groups
and a fourth unoperated control group. A mechanical loading device was
skeletally ﬁxed to the hindlimb of animals in the loaded groups (Figs. 1, 2).
Figure 1. Schematic of the varus-loading device applied to an animal
hind limb: lateral view (A) and anterior view (B). T =Torque setting
of the spring, D= intercompartmental moment arm, L1=moment arm,
L2=moment arm, and DP=change in contact load.
Figure 2.
Engaging the device applied a varus moment to the distal tibia and
resulted in an additional load of 0, 22 or 44% body weight (BW) to
the medial compartment of the tibiofemoral joint throughout full range
of motion. Animal activity level and gait appeared unaffected by applied
loading. Altered loading was applied 12 hr/day, 5 days/week, for 12 weeks.
Serum and synovial ﬂuid lavage samples from the experimentally loaded
and contralateral legs were collected at the time of euthanasia. Commer-
cial assays were used to measure: C-propeptide of Type II procollagen
(CPII): a measure of type II collagen synthesis; COL2 34 CLongmono epitope
(C2C): a measure of cleavage of type II collagen by collagenase; and
chondroitin sulphate 846 epitope (CS 846): a marker of aggrecan turnover
(IBEX Pharmaceuticals Inc., Montreal, QC). Synovial ﬂuid samples were
analyzed in triplicate. Urea concentration of serum and synovial ﬂuid
lavage was measured and used to correct for the dilution of the synovial
ﬂuid introduced during the lavage procedure.
Analysis of variance was used to compare outcome measures across
experimental groups (Control, 0% BW-Sham, 22% BW, and 44% BW).
Pairwise comparisons among the four treatment conditions were per-
formed using Fisher’s LSD procedure.
Results: Biochemical analysis of synovial ﬂuid lavage revealed treatment
related differences in CS-846 measures between experimental groups
(Table 1, p = 0.02). Mean ratio values of CS-846 concentration in the
experimental/contralateral leg were signiﬁcantly greater in the 44% BW
group compared to the 0% BW group (p = 0.01). Mean ratio values for
CS-846 showed a direct linear relationship with values increasing with
increased magnitude of applied load; 0% BW (0.77), 22% BW (1.02),
and 44% BW (1.41). No signiﬁcant treatment related differences were
found among groups for measures of C2C or CPII.
Table 1: Mean Experimental/Contralateral Ratio Values for Synovial Fluid Biomarkers
Control 0% BW 22% BW 44% BW p-value
CS-846 0.72 (0.03) 0.77 (0.07) 1.02 (0.36) 1.41 (0.11) 0.02
C2C 0.94 (0.03) 1.06 (0.12) 1.09 (0.05) 1.01 (0.03) 0.69
CPII 1.03 (0.01) 0.97 (0.01) 1.11 (0.04) 1.00 (0.01) 0.21
values presented as mean (standard error of the mean).
Conclusions: This work demonstrated that increased contact stresses
applied to the articular cartilage of the tibio-femoral joint initially produce
increased aggrecan turnover as measured by the CS-846 assay. Articular
cartilage appears to respond to increased loading by increasing turnover
of aggrecan while no signiﬁcant change in type II collagen synthesis
(CPII) or cleavage (C2C) was observed during the 12-week experimental
period. This may reﬂect the operation of an underlying mechanism in
which increased aggrecan is produced to increase the Donnan osmotic
pressure thus maintaining appropriate water concentration within the
cartilage to support the increased applied contact stress.
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Purpose: The main purpose of this study was to further characterize
and compare the altered metabolism in human degenerated cartilage that
promotes disease progression. in stage IV osteoarthritis and avascular
necrosis by thermal analysis. Since, water content has not been mea-
sured, further aim of this investigation was to elucidate the importance
of water content, and to establish the kinetic character of water loss
effect of heating by thermogravimetric analysis. During recent years,
knowledge of the nature and pathogenesis of degenerative joint diseases
has increased. A limited number of papers have been published before on
the subject of thermal analysis of human hyaline cartilage. Thermoana-
lytical techniques measure the change in physical or chemical properties
of the sample as a function of temperature. There are many possible
applications of thermoanalytical techniques: characterizations of active
and inactive ingredients, routine analysis, and qualitative control.
Methods: The thermal properties of samples were determined by dif-
ferential scanning calorimetry and thermogravimetry. During arthroplasty
procedures performed at the University of Szeged, degenerative human
hyaline cartilage was obtained from 19 osteoarthritic and 22 necrotic
hip. All samples that were extracted for this study were obtained during
live surgeries. A new protocol had to be established before the detailed
investigation could be performed. All tissues were yielded in accordance
to legal regulation, international ethical concerns, and patients’ consent.
Results: It was found, that the total water content of osteoarthritic
cartilage is 86.50%, 50.85 kJ/M energy was needed to remove the ex-
tracellular water content. Total water content of the necrotic samples
was 63.47%, and 45.03 kJ/M energy was used for the removal of the
ﬂuid content. In case of the osteoarthritic hyaline cartilage 1.6%/ºC mass
loss was detected. In the necrotic samples 1.1%/ºC mass reduction was
measured.
The enthalpy change of the process initiated by the temperature
change showed marked difference between the pathological groups.
